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preparation method revealed that the major cause for the difference 

is the stress relieving treatment given to the flattened tensile | 

specimens. The increase in the strength during the stress relieving 

is believed to be due to the precipitation of epsilon carbide and | 

the resulting precipitation hardening. 
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meee circumfrential direction. Fucaer analyis sf «he geor 
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¥. TEST MATRIX DETERMINATION 
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analysis of the standard deviations and mean yield strengths 
based on the two distributions being normal [Ref. 1], using 
she standard paired-sample +t test indicates the differences 
in the the man yield strengths cannot attributed to the 
Meeural distribution of the data. {Ref. 4), The only addi- 
tional information that can be jained is that the méan 
yzeld strengths for the tings are smaller than those for 
tensile samples. Reference 5 has dismonstrated through X-ray 
Meee saction line broadening <echnigues that the tensile 
specimen straightening effects are negligible, but this 
method would be unable to detect tha very small changes 
eeund inthis comparison. The amount of yield strength 
increas2 that can be attributed to the straightening process 
muome 1S not acertainable with tha data caken, but it is 
evident thaz the cold work from straightening has added only 
@ Small incrament to the overall yield strength of «he 


tensile samples. 


C. EFFECTS OF THICKNESS MACHINING 


Standard preparartions outlin2ai in Appendix A require 
the <= 


=o be machined on both sides to produce parallel specimen 


irst three tensile specinens (A,38,C) in the base area 


surfaces with subsequent nominal thicknesses of between .060 
[eoogceean (152 ~ .203 cm). All the specinens are then 
subjected to the same straightening and machining to final 
Por 538 specifications. To unmask these effects a compar- 
meen Of yield and ultimate tensile strengths for the 
machined specimens A, 3B, and cC and the non-nachined speci- 
mens G and K from Tabies 1, 2, 3, and 4 is presented in 
Table 8. For the ring samples the yield strengths for the G 
and K positions are 4.3 percent less than for the A, B, and 
C positions while the average values for the corresponding 


mensee= specimen pesizion iS 15.2 percent tlewer. Bie 
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Mbtimate tensile strength and hardness values ar 0% 
meeeeced tO any Significant extenze by the straightening or 
M@emenining. By subtracting the 4.3 percent increase from th 
15.2 percent increase results in an approximate increase in 
yield strength due to thickness machining of 11.0 pérce 

Figures 12 and 13 demonstrate these two effects through 
the stress~-stcain curves from case I? and T2. In Figure 11 
Tings A, C, and K have the same shape but the machined 
A and cC have a slightly higher yield strength than position 
fee (nO “Machiaing). Mm wiser sebangsc “1S 2n wndisturbed 
test while ring A was machined to a constant thickness and 
Shows the marked increas? in yield strength found in <he 
tensile samples. Ring K will be discussed later. 

Further anaiysis of tna2seé machining effects is hampered 
Sy the different amcunts of machining required for each 
Beeition and @ach ring. An overall effect of this vari- 
Meeeicy 1S t5) add more scatter t> the data for the three 
lower positions in the base region. has 15. eviddot tn 34 
comparison of the two different Begions of the case, the 
lower three oositions A, B, and C have larger standard 
Meveations than do the upper two positions G and K. It can 
be stated however, that the required machining increases “the 
apparent yield stress of the test Specimens over and above 
that increase created by straightening the flat tensile 
specimens. This strengthening #ff3ct can be seen in the 


stress relieved specimens through the same analysis. 


feeesrrscls Or. STRESS RELIEF HEAT TREATSENT 


As provided in the sampling plan both ring and tensile 
specimens were subjected to the same required 610 F (321 C) 
eecess relief. Analysis of these data and that from the 
non-stress relieved samples reveals this to have the most 
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E- CO&BINED THERMO~MECHANICAL TREATMENT AFFECTS 


Combination of these seperate 2ffects ints an overall 
Gaange in yield strength through superposition of gach indi- 
vidual effect is possible since th2 individual processes do 
MOt appear to interact with each other. These contributions 
produce the compariscen in the tensile specimens shown in 


Figure 15 and summarized below. 


Process ime cll ais G2 nt ols mace Wea ous e 
E8 size machining 375 Bad! 2525 
Thickness machining U2 t2e2 84.1 
Stress relief ZO. 9 32.4 Deane 
Cenbined 41.6 48.3 55365 


ieemes total combined increas= is now subtracted fron 
ng flat tensile samples 
tald strength of 108.0 


she average yield strength found 


ee 


u 
from the bcttom three locations 23 
kKPsi (745 MPa) results, and 1. 


(Without the added machining effects) is Subtracted from the 


L£ the combined increase 


meolLage yield strength “irem ‘test Posations G and K, a yieid 
Strength of 111.2 KPsi (745 MPa) results. These values are 
very close to the actual measured values of 111.0 KPsi (765 
MPa) and 106.4 KPsi (734 MPa) respectively indicating the 
process effects are addactive and have little affect on gach 


other. 


Fe. EFFECTS OF AUSTENIZATION AND QUENCH 


The results for the flat tensils specimans are invalid 
due to improper quenching procedures which caused some 
PomeereS ce COol Faster than others. Data tor these tests 


Meco nelgacd fOr completness, 50t cannet be used for 
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comparison. ACG tole =e tesctS indicated that the 
Tapidly quenched samples were extramely bdbrittie displaying 
at most 1.5 percent elongation at fracture. Snely Cn Siac 


= Fh 


ese Was completed; brittle fr GemOCCHEEead LPesulting 2h 


a 
whe destruction of the extensometer during the test. Plans 
were to limit elongation toa maximum of 1.0 percent to 
ensure a fracture did net occur. However, zhe ring did frac- 
eaee at 0.85 percent elongation and Uizance f£Oree 
broke the extensometer before the relea chanism acti- 
Meeed. It is, however, interesting to note tha 

remained intact. Yield and ultimate ten Serengens fOr 
this ring are much higher than those in the as-recieved 
cases; thus, the heat treatment performed by the mnanutac- 
turer has not been duplicated and these result would be 


useless anyway. 


G. HARDNESS TESTING 


The hardness of each flat tensil? sample was tested as 
described in Appendix A; six readings were made and averaged 
=o 4 det2armine the specimens hardness. in the non-stress 
relieved samples the hardness readings were slightly higher 
Peet ne Side that was originally on th2 ring exterior. This 
may be attributed to the slight increase in the 
Semi work on the exterisr of the ring due to 

eea2ghtening operaticn. Vane ons ore snis NMeture did not 
appear in the stress relieved or austenitized and quenched 
specimens. Comparing data from Taples 2and4 shows less 
than a two percent change in the hardness readings which 
corresponds to a two percent change in the ultimate tensile 
strengths, further analysis of the rsspective standard 
BPwem~ercos caja. cates these Changes couid be attributed +o 
*he scatter in tne data. This bénivior is to be expected 
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memeomyasiness iS a bDeezce&r iadicats&® sof ul“thate tensils 
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strength than St yeeia strength. EMOGOSeE Guenchin 
procedures for the austanitized and quenched specimens 
produced the 2xtremely wide variation in readings noted ina 
Maple 6. The readings however, were consistent with the 


Variaticns in ultiamte tensile strengths from the specimens. 


feo tolkM STLEPNESS 


Elastic moduli for each ring were measured based on the 
Slope of the curve during the relaxation of stress on @2ach 
Ting. These values indicate the expanding ring apparatus is 
avery stiff system although it was later noted that the 
Slope of the curve during relaxation was, to a small degree, 


dependent on the load raiaxation rate for the test. 
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VIL. OBSERVATIONS AND CONCLUSIONS 
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FIGURE 5. Expanding Ring Tester 
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FIGURE 6. Expanding Ring Tester 











Dimensions in Inches 


FIGURE 7. Seal Specifications 
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FIGURE J, Tensile Test Schematic 
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